Pollen grain fertility was estimated on the basis of stainability with strong aceto-carmine/glycerol mixture. The glycerol was added to the aceto-carmine in equal proportion to reduce the movement of empty pollen grains to the edge of the coverslip.
Germination of pollen grains was carried out by the hanging drop method, with the ring unsealed and placed in a desiccator with a mixture of glycerine and water to adjust the humidity to approximately 50 per cent. (Darlington and La Cour, 1947) . Three different culture media were used namely, 15 per cent, sucrose, style extract, and s part style extract to i part 15 per cent, sucrose. The style extracts were made by grinding a small number of styles in a drop of sterile distilled water using a tube and pestle (Glick, 194q) .
Data on selfing individual plants with and without tripping were obtained by bagging the plants in fine cheese-cloth bags or in cheese-cloth cages.
CYTOLOGICAL OBSERVATIONS
A cytological survey of some 23 types of V. faba was undertaken using both root-tip and anther material. Fixations were made in Carnoy (6 3 : i), and aceto-carmine squash preparations were exclusively used. At mitosis, no irregularities were observed ; the 12 chromosomes appeared quite normal at metaphase, with the six pairs easily recognisable. Five pairs of chromosomes have a subterminal centromere, but the sixth pair is very much larger with a median centromere and a subterminal secondary constriction. This latter pair of chromosomes are the Al chromosomes of Maeda /1930) . During rneiosis, the mean chiasma frequency per bivalent observed in normal metaphases was 3I8±o'o5 (583±oI5 for the M chromosome), a comparatively high figure from the point of view of the recornbination index of the plant (Stebbins, 1950) . Throughout the material investigated, normal metaphases (plate 1, fig. i) were difficult to find, the frequency of irregularities which were observed being extremely high.
All the types so far examined showed abnormalities to a greater or lesser degree and under different environmental conditions, some of which appeared as early as diakinesis, but in most cases it was not until late metaphase I that they became obvious. 1-Jowever, when irregularities appeared during diakinesis they usually consisted of the stickiness often associated with fragments of varying size. The At metaphase, an upset in nucleic acid metabolism was inferred from overcontraction and more extreme forms of stickiness, but these phenomena, as stated previously, were comparatively rare (plate I, figs. 4, 5) .
At late mctaphase early anaphase, nearly all the cells in affected anthers looked abnormal. Uncoiling of the chromosome thread was very prevalent, and this was often associated with precocious separation of daughter centromeres and further fragmentation (plate I, fig. g ). in the formation of ring configurations presumably due to the continued association of opposite daughter chromatids (plate I, fig. 7 ). A normal anaphase arrangement followed by telophase did not occur instead, the chromatids fell apart during late metaphase although they largely separated into two groups. At times, however, the only Pollen fertility in the flowers which reached maturity was between 80-90 per cent. although in some cases half the anthers appeared to be empty in an otherwise fertile flower.
TEXT-FiGS and 6.-Anaphase bridges involving the M chromosome but without fragments.
FLORAL MECHANISM
An examination of the floral mechanism to obtain more criticaL information on the actual breeding system of beans showed the necessity for tripping to effect efficient seed production as originally demonstrated by Reisch (1952) . Tripping entails the release of the stigma and style from the keel of the flower where it has been retained under pressure. In the bean this mechanism results in the breakage of tiny papilke on the stigma with consequent discharge of their contents. In lucerne also, tripping has been shown by Armstrong and White (i) to result in similar damage of the stimatic surface with the liberation of stigmatic contents, thus enhancing germination and growth of foreign pollen as distinct from self pollen. A similar phenomenon appears to exist in beans as indicated by pollen germination tests conducted in culture media to which had been added aqueous style extracts. These tests were of a preliminary nature, but the results indicate that foreign pollen germinated and grew better than self pollen in the same style ++ +i+ + + = germination beginning + + = slight pollen-tube growth + + + = pollen-tubes well grown extract table 3). The pH of the medium was found to be a critical factor and was adjusted to that of the style extract, in this case pH 6..
It appears from these results that the stylar contents discriminate to some degree between the self and foreign pollen present on the stigma, and thus ensure cross-fertilisation.
On selfing the pod-setting capacity of' the plants was poor so that even when artificial tripping was complete a low seed set was obtained.
The value of pod-setting for individual plants varied a great deal, H2 which suggests that in addition to the mechanical and pollen-tube selection for cross-feriilisation, some measure of genetic self-incompatibility appeared to exist.
FLOWER FORMATION AND SEED-SETTING IN THE FIELD
A study of pod formation in 10 spring varieties of field beans was undertaken in order to assess the relative importance of flower and pod production for yield.
Seed of to varieties was germinated in boxes in March ; five plants of each at the seedling stage being planted 2 ft. apart into FMi6 .
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. replicated rows 2 ft. wide. The period from germination to the opening of the first flower was measured in days, and was fairly consistent in each variety. Small tags of plastic wire were used to mark the flowers counted from week to week, only the total number being recorded small aborted flowers were ignored, since the comparison required was that of the total functional flowers in relation to the actual number of pods set.
Conditions during the summer of were such that a high percentage of seeds in the lower pods germinated while still attached to the plant, and frequently when the pods were green. Seed-shedding took place in certain plants due possibly to alternating rainy and dry spells, so that between 40 and 50 per cent. of the total pods were not harvested, and about 20 per cent. of the plants did not survive until harvest as a result of damage by wind and mechanical breakage. Mean value per plot was used in the data, therefore as only individual plants in each plot were lost they did not materially affect the analysis (table 4) .
The data suggest that pod number is largely, though not completely, independent of number of flowers; however, once a sufficient number of flowers is produced pod formation appears to be influenced by other factors. Visitation by insects is random, and it would seem that '' = significant at n-i per cent, level.
most differences in pod setting in plants may be due to their capacity for self-pollination and selffcrtilisation.
CROSS-POLLINATION AND BREEDING METHODS
In all bean improvement programmes, the possibility exists of contamination of breeding materiaj through cross-pollination. The Examination of the whole plot data showed that there were significant differences between stocks in all four characters measured (table 5) .
The stock/seed source interaction mean square in respect of seed size was significant at the i per cent, level, but that for grain yield was not, although presumably the same tendency was exhibited.
The mean squares relating to treatment, and treatment/stock interaction calculated on the split-plot basis were not significant. Manurial treatments, therefore, did not appear to have any effect on pod number, seeds per pod, seed size, or yield of grain. 
4772--o4i (x-.
Further analysis of the effect of once-grown seed was undertaken using the regression of once-grown seed on initial seed. Taking grain yield, the equation for the regression line is Y = 47'72+o'41 (x-). This line was calculated from the varietal values over 4 replications, giving x6 pairs of values, instead of only 4 if the mean alone had been used. The significance of this regression line can be seen from table 6 where I = 4.5, significant at o'x per cent, level.
If no significant difference existed between initial material and once-grown seed, the slope of the regression line should be unity and would theoretically pass through the origin. This line is shown in text- fig. 7 marked OZ. The regression line appears to be approaching the mean of the general population and deviates considerably from the expected line OZ.
The standard deviation of the difference between the regression coefficient and the theoretical one of unity is the same as the standard error of that regression coefficient namely O'0932, so that t -059 -
11
-33 O'0932 which is significant at the i per cent, level.
Consequently it can be said that the once-grown seed deviates significantly from the initial seed in grain yield in the general direction of the mean of the contiguous populations. This suggests that when grown in proximity to each other a high-yielding line would tend to degenerate in yield, and a low-yielding line to increase. The oncegrown seed used in the present test was obtained from the small rows of the previous year, and demonstrates the futility of using seed for experimental purposes which has not been isolated from other stocks. This equilibrium of populations growing together must result from cross-pollination, the effect of which would become apparent on introducing a new high-yielding line into a locality where yields are low, as in course of time the yield of the new line would fall to the general mean of the surrounding populations. This process was actually recorded nearly twenty-five years ago by Dr Hunter (Garner, 1945) . who attributed it to cross-pollination between the new line and the existing populations.
Pod number does not appreciably alter under such conditions (table 5) , and the number of seeds per pod does not show a significant difference when comparing original and once-grown seed. The only primary yield characteristic which appeared to be in any way highly heritable is seed size, and this was the only significant stock/seed source interaction noted. 
DISCUSSION
The cytological irregularities observed at meiosis in this crop are those previously associated with inbreeding in naturally outbreeding crops such as rye, and have been reported upon. The distribution and occurrence of these irregularities in Secale cereale have been discussed by Muntzing and Prakken (i4i) and Akdik and Muntzing (igq) in population material, and by Lamm (1936) , Muntzing and Akdik (1948) in the first generation of inbred rye. Rees () has shown that these irregularities during meiosis are directly attributable to the effect of inbreeding the normally outbreeding rye plant. Similar irregularities have been described for inbred Alopecurus m)osuroides (Johnsson, 1944) . Bridges and fragments, spiralisation defects, and a general timing unbalance have been observed in Lat/iyrus odoratus material that had been inbred for a number of generations (Upcott, 1937) .
The similarity between these observations described for Vicia faba and those recorded on other plants is striking. A normal inbreeding plant would not be expected to suffer any cytological ill-effects following inbreeding so that it may be concluded that V. faba is in fact an outbreeding species. Its relatively high chiasma frequency, which appears to confirm this, would in fact be disadvantageous in a normal inbred plant where fitness, rather than flexibility, is to be desired (Darlington and Mather, '949) .
Further evidence for the basically outbreeding nature of V. J?tha is provided by the studies on the floral mechanism. Although the pollen is shed before the flowers open, this is effectively neutralised by the necessity for tripping before the pollen is able to germinate. In nature, tripping is carried out by insects, and invariably involves the deposition of foreign pollen on the stigmas. Due to the faster growth of foreign pollen, cross-fertilisation would almost always result from natural tripping. Taken in conjunction with this differential pollen growth, the self-and cross-sterility which appear to exist in varying degrees suggest an incompatibility system of an incomplete nature. Such a system has been demonstrated in lucerne (Whitehead and Davis, 1954) , but cannot be explained on the basis of major gene effects alone.
It can be seen from the analysis of the experimental data that a number of factors have an important bearing on yield as a whole.
Yield expression in field beans can be separated into three main phases of development, firstly, the period in the development of the plant p to and including flower formation ; secondly, the period from podsetting until maturation of the crop ; thirdly, the phase of pollination and fertilisation which link together the other two periods and which is of paramount importance for seed production.
The data obtained for the vegetative characters of the plant show that in general they are positively correlated with each other. This suggests that a strong and vigorous plant should also bear a large number of mature flowers, a feature borne out in the general observations. Pod formation, however, appears to be an independent process, and the crucial period must occur during pollination and fertilisation.
Although 60-70 per cent, of the seeds produced are the result of scif-fertilisation, the genetic system is adjusted to a high hybridity optimum and would therefore require a high rate of outcrossing for its efficient working. It can be seen, table 2, that in the field only 8-9 per cent. of the total flowers formed appear to have been tripped by insects, since only 30-40 per cent, of those producing pods do so as a result of crossing. Either there is a shortage of tripping insects, clue to adverse weather conditions, or the insects which are present are unable successfully to trip the flowers. In Great Britain only the larger species of bumble bees (Bombus spp.) are capable of tripping bean flowers with any degree of efficiency, and even then there is a tendency for certain bees to pierce the base of the corolla arid remove thc nectar without tripping the flower. The difficulty in tripping bean flowers may have resulted from the unconscious selection through husbandry practice resulting in greater flower size which as a result became less well adapted for the pollinating insects to work. This difficulty also appears in lucerne and other papillionaceous flowers, and may be one of the factors influencing the change over to selffertilisation that has already occurred in Pisum and Phaseolus.
For the successful production of seed in beans the following four factors have to be considered (i) The inherent fertility of the plant. The basic capacity of any particular plant to produce seed is undoubtedly under polygenic control.
(2) The tripping mechanism. Until tripping has occurred pollen is unable to germinate, consequently insect visitation has to be chiefly relied upon for appreciable pod formation.
() Differential pollen-tube growth. Foreign pollen appears to germinate and grow faster than self pollen, although in the absence of foreign pollen self pollen must sometimes grow down to fertilise the ovule.
(4) Incompatibility. In all probability both self-and cross-incompatibility operate to some degree, although possibly under polygenic control, but the participation of major genes in their control cannot he ruled out, Lundquist ('954, 1955) .
Under natural conditions these factors are subject to many environmental influences, and at the same time quite probably interact with each other. Basic fertility, like any other quantitative character, can be influenced by manurial treatment and improved by selection and breeding. Nectar production has been shown in alfalfa to influence thc frequency of insect visitation (Pedersen, 1953) , and therefore the degree and efficiency of tripping. The ideal, however, would be to eliminate dependence on insects by the selection of a self-tripping, highly self-fertile plant.
In a crop cultivated for its grain, the breeding system should allow the production of a relatively homogeneous product. An outbreeding system is less of a handicap when dealing with forage crops, but field beans occupy an intermediate position.
Two alternatives are open to the breeder, either to persevere with selection methods suitable for outbreeding plants, with the attendant difficulties of isolation requirements, or attempt to change the breeding system towards that of a true inbreeding plant so that cereal breeding methods can be used. At present, in Vicia faba inbreeding is imposed on an outbreeding system, but it should be possible to complete the change over to inbreeding.
Inbreeding experiments with field beans (Griffiths and Rowlands, unpublished data) suggest that although the general vigour of a population may deteriorate following continued selfing, certain individual plants appear none the worse and set seed quite well in the absence of pollinating insects.
Enormous simplification of the breeding work in the bean crop would result from the development of a self-tripping, self-fertile variety as a basis for subsequent strain building since such material would self-pollinate in preference to cross-pollinating and could therefore be expected to set seed in the field without difficulty. The success of such a programme would not become immediately apparent and in the meantime improvement will have to proceed in the direction of winter-hardiness and a reduction of pod-shattering.
6. SUMMARY i. A cytological examination of natural populations of field beans revealed the widespread occurrence of irregularities during meiosis of a type previously associated with inbreeding depression in an outbreeding species.
2. The floral mechanism is adapted for cross-pollination and the iifferential pollen germination and growth in association with a weak incompatibility system suggests the limitation of seif-fertilisation.
3. Under field conditions a major proportion of the seed produced results from seif-fertilisation, the inadequacy of insect pollination forcing the plants to self with the consequent poor yield. It is therefore assumed that inbreeding is superimposed on a naturally outbreeding system. 4. Despite the high degree of self-fèrtilisation normally encountered in the field, the effect of cross-pollination in contaminating breeding material by other pollen is considerable, thus increasing the difficulties inherent in any bean breeding programme.
5. Enormous simplification of breeding work in the bean crop would result from the development of a self-tripping, self-fertile line as a basis for subsequent strain building. 
